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The orbital  elements have been derived by the indicated staff mem-  
b e r s  of the Satellite-T racking Program, Smithsonian Astrophysical 
Observatory, employing the S A 0  Differential Orbit Improvement P r o -  
g ram (DOI). 
As opposed to  osculating elements, the elements presented here  
a r e  mean elements in the sense  that the effects of the short-period 
perturbations due to the ear th ' s  oblateness have been eliminated. 
S A 0  mean elements have been derived f rom observations covering 
The successive se t s  
They a r e  depen- 
seve ra l  days 
of elements a r e  essentially independent of each other. 
dent, however, 
and the long-periodic t e r m s  a r e  generally considered a s  known and a s  
constant for periods of severa l  weeks or  months, a s  dictated by con- 
venience. 
and a r e  given in the form of a table. 
in the sense that high-order coefficients in the secular  
The t imes of epoch in the mean elements a r e  reckoned in Julian 
Days, 1- - -4 .  UUL IuI .e.- the sake of convenience the number 2400000. 5 has been 
subtracted to  provide an abbreviated notation,which we call  "Modified 
Julian Days, ' I  o r  "MJD. ' '  
The units of the orbital  elements a r e  degrees for aiigiihr cj~antit ies,  
6 megameters  (Mm = 1 0  me te r s )  for  l inear quantities, and revolutions 
fo r  the mean anoma1y.M and its derivatives. 
This work was supported by grant N s G  87-60 f rom the National 
Aeronautics and Space Administration. 
1 
The tabulated values of the SA0 mean  elements give the values 
of arguments of perigee i3, right ascension of the ascending node 52 , 
inclination i, eccentricity e ,  and mean anomaly M a s  functions of t ime 
t = T - To (where T The 
two-digit number placed a t  the right of each value represents  the 
standard e r r o r  for that element and r e fe r s  to the las t  digits given. 
is the reference epoch) expressed in days. 0 
The same  tabulation also gives the mean (anomalistic) motion n, 
t k  orbital  accelerdtion 11'/2 ur ~i ' (dn /d t ) ,  dnd the sciiiiriiajor dxis d 
o r  the geocentric distance of perigee q (in megameters) .  
t h ree  columns, the one headed N indicates the number of observations 
used for  the computation of a set  of elements;  the one headed D, the 
number of days used; and the one headed u, the standard e r r o r  of the 
representation of the observations relative to their  assumed accuracy. 
Of the las t  
In our computer program, the inclination and the argument of 
per igee a r e  re fer red  to the t rue equator of date; the right ascension 
of the ascending node, however, is reckoned f rom the mean equinox 
of 1950.0 along the corresponding mean equator to the intersection 
with the moving t rue  equator of date, and then along the t rue  equator 
of date. To t ransform f rom right ascension of the node a s  determined 
by the DO1 to right ascension of the node re fer red  to the mean equinox 
of date, one uses  
52" = 52" (DOI) t 3:508 X (MJD - 33281) . 
where MJD stands for the Modified Julian Day of the date. 
Tables 1 and 2 show the station coordinates and the values of the 
The data were  obtained using DO1 3.6 and t e s s e r a l  harmonics used. 
















































- 5.81 6922 
- 5. 601 394 
-4.  914580 
-2.404279 
-3.466758 





















Organ Pass, New Mexico 
Olifantsfontein, South Africa 
Woomera, Australia 
San Fernando, Spain 
Tokyo, Japan 
Naini Tal, India 
Arequipa, P e r u  
Shiraz, I ran 
Curacao, Netherlands Antilles 
Jupiter,  Florida 
Villa Dolores, Argentina 
Maui, Hawaii 





Table 2. Tesse ra l  harmonics 
c 2  2 0.24600E-5 
s 2 2  -0.13000E-5 
c 3  1 0.19100E-5 
s 3 1  0.24000E-6 
c 3 2  0.77000E-6 
s 3 2  -0. 59000E-6 
c 3  3 0. 39000E-6 
s 3 3  0.15400E-5 
c 4  1 -0. 54000E-6 
s 4 1  -0.430003-6 
c 4  2 0.37000E-6 
s 4 2  0.65000E-6 
c 4  3 0.84000E-6 
s 4 3  -0.20000E-6 
c 4  4 -0.40000E-7 
s 4 4  0. 33000E-6 
c 5 1  -0.10000E-6 
s 5 1  -0.10000E-6 
c 5 2  0.61 000E-6 
s 5 2  -0.25000E-6 
c 5 3  -0. 55000E-6 
s 5 3  -0.90000E-7 
c 5 4  -0.22000E-6 
s 5 4  0.60000E -7  
c 5 5  0. 90000E-7 
s 5 5  -0.57000E-6 
C 6  1 -0.40000E-7 
S 6 l  -0.60000E-7 
C 6 2  0.90000E-7 
S 6 2  -0.33000E-6 
C 6  3 -0. 30000E-7 
S 6 3  0.20000E-7 
c 6 4  
s 6 4  
c 6  5 
s 6 5  
S 6 6 
c: 7 1 
s 7 1  
c 7  2 
s 7 2  
C 8  1 
S 8 1  
C 8  2 
S 8 2  
C 8  4 
S 8 4  
c 9  1 
s 9 1  
c 10 1 
s 10 1 
c 11 1 
s 11 1 
c 12 1 
s 12 1 
C 13  12 
s 13  12 
C 13  13  
S 13  13 
C 15 12 
s 15 12 
c 1 5  13 
s 1 5  13  
C 15 14 
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Satellite 1959 Alpha 1 1 May - 30 June 1963 
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Satellite 1959 Eta 1 2 M a r c h  - 29  April  1963 
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Satel l i te  1959 Eta  1 1 May - 30 June 1963 
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Satel l i te  1960 Iota 2 1 Janua ry  - 28 F e b r u a r y  1963 
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Satel l i te  1961 Delta 1 31 January  - 28 F e b r u a r y  1963 
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I1 I This series of Special Reports was instituted under the supervision 
of Dr. F. L. n i p p l e ,  Director of the Astrophysical observatory of the 
Smithsonian Institution, shortly after the launching of the first artificial 
earth satellite on October 4, 1957. Contributions come from the Staff 
of the Observatory. 
First issued to ensure the immediate dissemination of data for satel- 
lite tracking, the reports have continued to provide a rapid distribution 
of catalogs of satellite observations , orbital information, and prelimi- 
nary results of data analyses prior to formal publication in the appro- 
priate journals. The Reports a r e  also used extensively for the rapid 
publication of preliminary or special results in other fields of astro- 
physic s. 
The Reports a re  regularly distributed to all institutions partici- 
pating in the U. S. space research program and to individual scientists 
who request them from the Publications Division, Distribution Section, 
Smithsonian Astrophysical Observatory, Cambridge , Massachusetts 
021 38. 
